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03.
HYGROSCOPIC CLIMATIC MODULATED BOUNDARIES: 

ABSTRACT
The operation and construction of buildings account for almost half of the energy use in the United States.  To 
meet global climate change targets, energy consumption of buildings in the long term must be reduced as well 
as carbon dioxide emissions.  This article explores a theoretical building envelope that generates energy and 
produces water by drawing water vapor out of the air to deliver new sources of water; it lowers indoor humidity 
in hot and humid climates.

The design in this model considers materiality, surface area and environmental conditions to influence build-
ing form. The case in this article considers materials and systems application in the design of the building 
envelope.  The hygroscopic building envelope design strategically senses varying conditions of concentration 
and density of moisture laden air to provide visual indications of its performance.  It is a building skin that 
emulates biological processes by creating pressure differences and transferring energy in various forms.

KEYWORDS: biomimetics, building envelope, building façade, computational design, computational control, 
humidity, hygroscopic, renewable resources
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1.0 INTRODUCTION
This article discusses the adaptive properties of a hy-
groscopic building envelope. The hygroscopic building 
envelope is a biomimetic skin where all of the compo-
nents for dehumidifying air and harvesting energy and 
water are placed within the building façade. Energy 
use in buildings and production of green house gases 
contributes to global climate change. Reducing energy 
usage in building operations is inspiration for rethink-
ing how a building envelope might function for a cli-
mate that requires both cooling and dehumidification. 
Current energy consumption of buildings is forty-eight 
percent of all energy consumed in the United States1. 
Figure 1 shows the percentage of all energy usage in 
the United States in relation to operation and construc-
tion of buildings. Out of the forty-eight percent of energy 
used for operations, eight percent is embodied in the 
energy associated with building construction including 
the manufacture and transport of building materials to 
the site. The use of fossil fuels for building operations 
contributes directly to the production of carbon dioxide1. 

In hot and humid climates this problem increases due 
to the demands on HVAC systems that must cool and 
dehumidify interior spaces for comfort. Unfortunately, 
conventional HVAC systems do all of these things at the 
expense of additional building energy use and conse-
quently produce more carbon dioxide.

Figure 1: United States energy consumption, adapted from1.
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A hygroscopic building envelope that harvests water 
from humid air must use a hygroscopic brine solution.  
A hygroscopic material is a solution that will readily ab-
sorb water from the atmosphere2. A basic salt such as 
sodium chloride can be dissolved in water to create a 
hygroscopic brine solution. For the hygroscopic process 
to work, the solution of sodium chloride and water is 
exposed to the air. The hygroscopic solution readily ab-
sorbs moisture in the air through the attraction of strong 
ionic bonds of negative ions of the brine to positive ions 
of hydrogen in water vapor. Strong ionic bonds of a 
saturated salt solution attract to polar water molecules. 
This characteristic is unlike a desiccant, which changes 
state from a solid when absorbing water from its sur-
roundings to produce a solution. A solid desiccant dry-
ing agent is limited in its capacity to capture water. It is 
not able to regenerate itself and repeat the cycle. 

A hygroscopic brine solution can absorb water and then 
be heated to release and harvest the excess water.  The 
process cycle for a hygroscopic brine solution must first 
interact with a stream of air containing water vapor. The 
hygroscopic brine solution absorbs water vapor from 
the passing outside air that can be heated, evaporated 
and condensed as a new source of water. The water 
vapor is removed from the outside air, humidifying it in 
a natural manner.   

Figure 2 depicts the workings of a hygroscopic climatic 
modulated boundary. The diagram shows a theoretical 
placement of the hygroscopic building envelope be-
tween the ‘outside’ and the ‘inside’ environment. The 

‘outside’ represents exterior climatic conditions. The 
‘inside’ represents the building interior. The building 
façade contains all of the components for harvesting 
water and energy from sun and wind. The hygroscopic 
building envelope uses a solution to interact with exte-
rior hot, humid air to absorb water and dehumidifies 
the air for use in interior spaces to satisfy comfort re-
quirements. The building façade is a filter that air from 
the outside must pass through and, in the process, 
collects water and energy allowing dehumidified air to 
pass through to the interior. Induced pressure changes 
in the hygroscopic building envelope circulate air from 
outside to the inside. A hygroscopic building envelope 
can be understood in three layers as shown in Figure 
3. Harvesting of energy from the sun and dehumidifi-
cation of outside air occurs at layer one. Dehumidified 
air from layer one enters layer two where it is cooled by 
the HVAC system in the building interior spaces. Con-
vection currents mix cool dehumidified air with warm 
interior space air in layer two. Openings in the hygro-
scopic building façade at layers one and three create 
pressure changes to circulate warm air through layer 
two as shown in Figure 3. The third layer of the hy-
groscopic building façade harvests wind energy from 
natural cross ventilation as shown in Figure 3. The hy-
groscopic building envelope system reduces the need 
for conventional air conditioning systems to dehumidify 
interior air. The HVAC system is only needed to cool 
interior air. The HVAC system can be smaller in size. 
The HVAC system for cooling filtered dehumidified air in 
the interior spaces can be accomplished by a conven-
tional air conditioning system or an active chilled beam 

Figure 2: Diagram of hygroscopic building envelope.
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system. Active chilled beam systems reduce building 
energy usage much better than a conventional HVAC 
system.

A strategy for water and energy harvesting opportuni-
ties unique to hot and humid climates is prevalent in 
areas such as the Gulf Coast region. This climate type 
is similar to conditions in areas such as the Mid-Atlantic 
Coast climate, Mississippi Valley and the southern por-
tions of Appalachia in the United States.  The Koppen 
map shown in Figure 4 shows the global distribution of 
this climate type characterized by hot, humid summers 
and cool winters with significant amounts of precipita-
tion year round4. These are areas specifically suited by 
climatic conditions for the building envelope boundary 
approach described in this article.  It should be noted 
that areas of rising usage of fossil fuels and water oc-
curs in these zones such as the eastern seaboard of 
China, Australia and South America.

Figure 3: Section showing layering of the hygroscopic building envelope.

 Hygroscopic Climatic Modulated Boundaries

Figure 4: Koppen map of humid subtropical climate Cfa4.
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2.0 PAST RESEARCH: BIOMIMETICS, POTENTIAL  
      COMPONENTS OF HYGROSCOPIC ENVELOPE  
      AND APPLICATION
The hygroscopic building envelope draws upon past 
research from biomimetics in understanding water 
transport in desert reptiles, a water absorption system 
in desert climates, liquid desiccant systems, advanced 
photovoltaic cells design and color changing additives 
to substances that absorb water readily. Biomimet-
ics application in the hygroscopic building envelope 
model inspires natural methods for moving water and 
air through the building façade. Examples for this pro-
cess can be found in understanding how water moves 
through channels beneath the scales of desert reptiles 
and air through a building in Zimbabwe. Liquid desic-
cant systems have a long history of industrial use, but 
have not had success with use in commercial build-
ings. Liquid desiccant systems can be effective at re-
moving water vapor from moisture laden air as well as 
adding water vapor to dry air. At this time, most uses 
of a liquid desiccant system exhaust air and water to 
the outside air and consequently, do not take advantage 
of harvesting the condensate for other uses. The work 
in advanced photovoltaic cells fibers can potentially al-
low for a higher level of integration into a hygroscopic 
building façade to heighten energy conversion and 
collection. Color changing additives to the hygroscopic 
substances may provide an interesting visual aesthetic 
that can be related to saturation and concentration. The 
hygroscopic building envelope essentially rethinks how 
these ideas and processes can advance the design of 
building facades.

2.1 Biomimetic Inspired Design
Biomimetics is an understanding of biological and nat-
ural systems for modern design was originally coined 
by Otto H. Schmitt in 19695. A hygroscopic climatic 
boundary references the evolution of the Australian 
thorny devil and Texas horned lizards (Moloch horri-
dus and Phrynosoma cornutum) in understanding their 
ability to harvest water in dry climates. The method of 
water transport through tubes offers a viable adaptation 
in understanding how water may be harvested in hot 
and humid climates. In another case, the behavior of 
Zimbabwe termites that regulates interior temperature 
in large mounds influences the design of the Eastgate 
Centre in Zimbabwe by the architect Mike Pearce with 
Arup engineers6. The termites store fungus for the pur-
pose of food keeping in the mound interior at a constant 
87o F while the outside temperate can be 35o-104o F6.  
They do this by constantly opening and closing heat-

ing and cooling vents throughout the mound over the 
course of a day6. Temperature differences due to ter-
mite activity inside the mound create currents to pull air 
from the bottom wet wall enclosures where it can vent 
through a channel at the top of the mound6. The East-
gate Centre is a naturally ventilated concrete thermal 
mass structure that creates temperature differences in 
its interior pulling air through floors and offices to chim-
neys at the top to maintain internal temperatures within 
comfortable levels without air conditioning. At night, the 
structure releases heat absorbed from the day cooling 
interior spaces for the next day. 

2.2 Water Uptake and Rain Harvesting in  
      Australian Thorny Devil (Moloch horridus) and      
      Texas Horned Lizard (Phrynosoma cornutum)
The Australian Thorny Devil (Moloch horridus) and the 
Texas Horned Lizard (Phrynosoma cornutum) survive in 
their desert climate by rapid water absorption through 
tubes below their scales. Water is absorbed through 
partially closed tubes that can expand to hold more wa-
ter. The tubes are recessed below the hinge and joint 
of their scales. The tubes form a network of channels 
below the skin and cover their entire body. The semi-
tubular channels at the base of scale hinges expand to 
store water for long periods of time7. The tubes create 
capillary forces drawing water into hinge-joint channels. 
Small fractures or protrusions in the channels increase 
surface area to attract water and heighten the hygro-
scopic effect7. The reptiles develop negative pressure 
using jaw and tongue movements to create a suction 
that pulls water into their mouths for drinking.

2.3 Water from Humidity
The Fraunhofer Institute for Interfacial Engineering and 
Biotechnology IGB based in Stuttgart with Logos Inno-
vationen is developing a system to capture water vapor 
in air for conversion to drinkable water. The site for the 
project will be the Negev Desert of Israel where the av-
erage humidity is about sixty-four percent8. The system 
will feature a tower to circulate a hygroscopic brine so-
lution to absorb water vapor from the air and drain the 
captured water down to a tank under vacuum pressure8. 
Heat from thermal solar collectors and power from pho-
tovoltaic solar collectors will release the water from the 
brine8. A pump will circulate the regenerated brine to 
absorb water again8. While this system is in develop-
ment for desert conditions, the technology and premise 
is suitable for hot and humid climates to remove water 
vapor and lesson the energy requirements from build-
ing operation with air conditioning equipment.
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2.4 Color-Changing Desiccant
Silica gels are usually transparent, but gradually turn 
hazy or milky when moisture is absorbed. Sorbead India 
has produced an additive that allows silica gels to have 
intense initial colors that change hue in response to the 
amount of moisture absorbed9. The granular or bead 
shaped silica gel by Sorbead India uses interlocking 
cavities to increase its surface area for attracting and 
trapping water molecules9. The beads are infused with 
chemicals like cobalt chloride to change color9. The 
color change intensifies as water is absorbed. It also 
fades as water is removed from the desiccant during re-
generation. Color change properties in the working fluid 
of the hygroscopic building envelope can allow building 
inhabitants to understand the process of water absorp-
tion and observe the changing architectural aesthetic 
and performance so that unseen climatic processes 
become visible.

2.5 Flexible Solar Cells
Highly absorptive and flexible silicon solar cell wires 
developed by researchers at the California Institute of 
Technology and the University of Illinois at Urbana-
Champaign can be thin and transparent to be useful 
in windows of buildings10. The small wires, which are 
about 1 micron in diameter, use less material than cur-
rent photovoltaic solar cells11. Researchers at the Cali-
fornia Institute of Technology and University of Illinois 
at Urbana-Champaign are developing lighter solar cells 
that use one percent of material needed to make con-

ventional solar cells for about the same energy conver-
sion output. 

2.6 LEAFHouse 2007 Solar Decathlon University  
      of Maryland
The University of Maryland LEAFHouse project, “Lead-
ing Everyone to an Abundant Future”, demonstrated a 
regenerative liquid desiccant in a water wall system at 
the 2007 Solar Decathlon in Washington, D.C.  LEAF-
House uses a number of sustainable technologies such 
as photovoltaic panels, solar hot water, light dimming 
system, greywater recycling, rainwater collection, en-
ergy recovery ventilator and radiant floor. The liquid 
desiccant water wall is used to control humidity and is 
placed within the interior of the main room. The system 
uses concentrated calcium chloride mixed with water to 
lower the vapor pressure of the solution below the vapor 
pressure of the main room. Calcium chloride is a highly 
absorptive salt mixed into the waterfall wall to capture 
moisture from the air12. Any increase in the room’s 
water vapor will be absorbed by the liquid desiccant 
when it is in contact with air at the waterfall area. The 
liquid desiccant system can reverse itself if the room’s 
humidity level decreases. The amount of surface area 
that the waterfall wall exposes to the interior of the room 
heightens the vapor transfer from the interior room to 
the liquid desiccant. Heat from solar water collectors re-
generates the liquid desiccant system. The liquid desic-
cant is heated and the excess water is evaporated to the 
outside12. The system removes water from the air using 

Figure 5: Simple diagram section of LEAFHouse liquid waterfall wall system.
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little energy and requiring air conditioning equipment 
for cooling the interior spaces12. A video of the liquid 
desiccant wall system can be viewed online13. Figure 5 
is a conceptual diagram that shows the position of the 
liquid waterfall wall to the outside of the LEAFHouse 
and the interior space of the room where the wall is 
installed. The LEAFHouse uses a liquid water vapor 
absorbing medium to moderate interior humidity con-
ditions. It is a practical demonstration of potential sys-
tems that reduce the intensive energy requirements of 
air conditioning equipment in hot and humid climates.

2.7 Eighty-Year History of Open Absorption  
      Systems
Open absorption systems closely resemble current ap-
proaches to liquid desiccant systems for dehumidifica-
tion and energy reduction in hot and humid climates. It 
is a process that is nearly eighty years in development 
from the work of Edmund Altenkirch and Francis Bi-
chowsky14. Open absorption systems are used in indus-
trial applications useful in handling latent loads, leaving 
sensible loads to traditional air conditioning systems14. 
In this model, the liquid desiccant is a system-dominant 
approach for removing latent heat from hot and humid 
climates. The advantage of the open absorption sys-
tems over conventional air handling conditioning sys-
tems is that they can work in lower supply temperatures 
and use energy from alternate thermal energy sources 
such as solar photovoltaic, effluents of co-generation 
plants and heat from urban waste in district heating 
plants14. Open absorption systems are simple to build 
and operate, but susceptible to corrosion when metal-
lic components come in contact with liquid desiccants 

such as lithium chloride and oxygen14. Table 1 shows 
the benefits of using liquid desiccant systems for in-
creasing comfort, lowering energy demands, improving 
indoor air quality and maintaining clean indoor spaces.  
Liquid desiccant systems have a potential to be used 
in commercial HVAC systems for applications that fa-
vor a ratio of latent load to total cooling loads greater 
than thirty percent such as dry air laboratory spaces, 
computer rooms, libraries, museums and in spaces 
with typical indoor air quality problems such as schools, 
hospitals, offices, meeting halls, and dormitories15. Cur-
rently liquid desiccants are used in industrial dehu-
midifiers because of the cost to use these systems with 
lithium-based desiccants16. 

3.0 CHARACTERISTICS OF HYGROSCOPIC  
      ENVELOPE 
Why is a hygroscopic building envelope different than 
conventional HVAC or liquid desiccant system? The 
United States uses more energy than any other nation 
in the world by more than 21 percent18. The commer-
cial sector in the United States uses the same energy 
to heat and cool spaces as it uses for lighting18. Conse-
quently, much of the water used by commercial build-
ings is to heat and cool spaces, irrigate landscaping 
and use in toilets and sinks19. In conventional HVAC 
systems, condensate vapor that forms in the air as it 
passes over cold refrigerant coils drains to the sanitary 
sewer system. In a liquid desiccant system, the excess 
water is exhausted to outside air. A potential water re-
duction and building operations costs opportunity is lost 
in both of these processes. The hygroscopic building 
envelope impacts energy used for cooling spaces in hot 

Table 1: Benefits of dehumidification with desiccants, adapted from15.

Increased Comfort Desiccant unit independently controls humidity.  Conventional cooling sys-
tem controls temperature.

Lower Peak Electric 
Demand

Alternate energy sources such as natural gas, steam and heat recovery for 
use in cooling latent cooling loads.

Heat Recovery Options Engine driven chillers, cogenerators, steam condensate.

Dry Duct Systems Conventional systems allow humid air and dust in ducting allows fungus 
growth, bacteria growth and reduction in indoor air quality.

CFC Free Desiccant systems do not use CFC’s for moisture removal.

Improved Indoor Air Quality Appropriate levels of fresh air to reduce levels of air borne bacteria.

Reduced Building  
Maintenance

Reduces building maintenance by decreasing high humidity levels for 
remediation of mold and mildew, corrosion, replacement of wall and window 
coverings and carpeting.
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and humid climates—where it matters most in the Unit-
ed States.  This impacts both energy use and water use. 
The hygroscopic building envelope will reuse the water 
harvested from water vapor in the outside air. The har-
vested water can be filtered to provide water for sinks 
and toilets, irrigation and grey water. There is an oppor-
tunity to provide pure potable water. The hygroscopic 
building envelope will also harvest sun and wind energy. 
 
The function of an innovative building envelope for hot 
and humid climates is based upon the following char-
acteristics: site topography, site orientation, energy and 
water harvesting, use of hygroscopic brine solutions 
and a computational control system.

3.1 Site Topography Influences Hygroscopic Effect
Site topography influences the performance of the hy-
groscopic effect. The hygroscopic building envelope 
must be vertically located as high as possible with re-
spect to the ground. Figure 6 shows a building situated 
on the higher elevations of a site in a hot and humid cli-
mate. By locating a structure higher in elevation, there 
is a reasonable decrease in pressure and temperature.

A decrease in temperature and pressure reduces the 
capacity of air to absorb more water vapor. The water 
vapor condenses from the air as water with a change 
in latent heat to sensible heat lost to the environment. 
A common response in hot and humid environments 
is to raise a structure above the ground. At ground, the 
air is warmer and pressure and temperature increase. 
The capacity of air to absorb water vapor is increased. 
The change of water vapor in the air from sensible heat 
to latent heat also increases. The hygroscopic building 
envelope can also be used with strategies to ventilate 
the underside of a lightweight overall building structure. 
Site topography can lower the temperature of outside 
air reducing the demand on mechanical systems that 
only cool in a hygroscopic building envelope. This can 
greatly reduce energy requirements in the operation of 
a building.

3.2 Site and Building Orientation Affects  
      Hygroscopic Effect 
Buildings should provide natural ventilation whenever 
possible and promote passive strategies in conjunction 
with active strategies when required as a secondary sys-
tem based on renewable energy sources20. The hygro-
scopic building envelope makes use of natural ventila-
tion to promote air exchange with inside and outside air. 
The hygroscopic building envelope does not use energy 
intensive mechanical systems.  It is a building envelope 
that uses pressure differences and selective environ-
mental interactions to transfer energy in various forms. 
Tuning building form to site and climate is a process to 
orient the building to achieve maximum sun and wind 
energy harvesting at layers one and three (see Figure 
3). The hygroscopic building envelope creates pressure 
differences at the windward and leeward side of a build-
ing to move air and water using natural phenomenon. 
The red dashed line in Figure 8 is the location of layer 
one, which is the windward facing hygroscopic build-
ing boundary. The green dashed line at layer three is 
the location of integrated wind driven generators that 
receives air pulled through the building on the leeward 
side of the building. The orientation in the plan diagram 
in Figure 7 can be for a location where wind direction 
and speed are dominantly from the south west. Rather 
than orient the building to face the wind perpendicu-
larly, the building is oriented to allow air to flow diago-
nally through openings in layer one. The dehumidified 
air is now in layer two where it is being cooled by HVAC 
system to mix with interior spaces. Warmer air is pulled 
through the building by negative suction at the leeward 
side as shown in Figure 7 at layer three. 

 Hygroscopic Climatic Modulated Boundaries

Figure 6: Site plan and site section versus saturation  
temperature and pressure23.
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3.3 Design of the Building Form Influences  
      Hygroscopic Effect 
The design of building form that uses a hygroscopic 
building envelope can take advantage of natural phe-
nomenon such as wind energy. Wind flows through the 
site and over the building to create controlled pressure 

changes for improved natural cross ventilation. The flow 
of air over building surfaces can be modulated. A meta-
phor for understanding this method is to understand 
the process of using wind tunnels to streamline the de-
sign and form of automobiles to reduce wind drag and 
heighten performance. Sculpting the overall building 
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Figure 8: Hygroscopic building envelope system diagram of layer one.

Figure 7: Simple building plan of hygroscopic climatic modulated boundary23.
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form and its façade to heighten the hygroscopic effect 
of natural cross ventilation in a hygroscopic building en-
velope is a new kind of performance measurement for 
advanced building façade development. Shaping vary-
ing aperture sizes at layer one introduces Venturi effect 
that can channel air from the exterior to interior build-
ing spaces and increase air pressure and velocity. The 
Venturi apertures at layer one increase natural cross 
ventilation to penetrate to the interior at layer two. The 
use of pressure changes to create natural cross venti-
lation is not a new idea. Building façade development 
using Venturi effect pressure differences has been 
used for the GSW Headquarters in Berlin designed by 
Sauerbruch & Hutton Architects, with engineering by 
Arup in 2002. The GSW Headquarters uses its build-
ing skin similar to the metaphor of a living organism 
that breathes by taking in air using operable flaps to 
change form in adapting to gradient environmental con-
ditions22. It is naturally ventilated for seventy percent of 
the year22. Natural ventilation is accomplished by mov-
ing air in low wind conditions through single-glazed skin 
on the east façade, an inner double-glazed west façade 
and out through the top of a thermal flue, irrespective 
of the wind direction22. Ventilation is induced by the au-
tomatic control of dampers that maintains balanced air 
changes to building interior. Natural ventilation in the 
GSW Headquarters must switch to mechanical ventila-
tion during extreme seasonal conditions; it requires win-
dows to be closed. The fans installed within the build-
ing façade operate from fully open to completely closed 
to automatically compensate for increase or decrease 
in wind flow at the windward side of the building. The 
hygroscopic building façade at layer two enhances this 
idea pioneered by the GSW Headquarters by harvesting 
wind at the leeward side for energy generation. In layer 
three of the hygroscopic building envelope, required air 
changes for fresh air are balanced by constant pressure 
in the interior spaces by building façade fans at the lee-
ward side of the building.  

3.4 Hygroscopic Building Envelope Functioning
Humidity is a measure of water vapor in a gaseous state 
such as air3. As more water vapor mixes with air mol-
ecules, it lowers the ability of the air to accept additional 
water vapor3. Relative humidity is a ratio that compares 
the actual amount of water vapor in the air with the ca-
pacity of the air at a specific saturation temperature and 
pressure3. Relative humidity is inversely proportional 
to the saturation temperature and pressure such that 
when either temperature or pressure decreases or in-
creases, relative humidity will, in the opposite direction, 
increase or decrease3. As saturation temperature and 
pressure rise, relative humidity will lower. The property 
of humidity in response to temperature and pressure 

can be a natural phenomenon that has advantages in a 
hygroscopic building envelope.

Figure 8 is a system diagram of layer one showing detail 
of the hygroscopic climatic modulated building enve-
lope where outside air is dehumidified. It would work 
by using a hygroscopic brine solution to remove the 
latent heat from air moisture from exterior conditions 
in a hot and humid climate. The humid air is dehu-
midified and can be delivered to a conventional HVAC 
system. It is preferred to use a chilled beam system. 
The chilled beam system works by utilizing chilled wa-
ter and air movement to remove sensible heat from the 
interior space23. A hygroscopic building envelope and a 
chilled beam system can work together to dehumidify 
and cool interior air for comfort in a hot and humid cli-
mate to realize significant energy reductions. Figure 8 
shows other characteristics of the hygroscopic building 
envelope system such as delivering the water collect-
ed from water vapor to potable water for building use. 
Other theoretical characteristics are energy production 
through solar and wind collection by using photovoltaic 
solar collectors at layer one and small building façade 
wind generators at layer three of the hygroscopic build-
ing envelope model. The individual characteristics of 
the boundary condition work as a system to reduce the 
reliance upon more energy intensive means to maintain 
habitable conditions in hot and humid climates. 

3.5 Hygroscopic Brine Solution
Saturated salt solutions can reduce the amount of water 
vapor available for evaporation by reducing the tem-
perature and pressure of air volume24. A hygroscopic 
brine solution absorbs moisture from the air to change 
thermal comfort from a humid condition to a naturally 
dehumidified condition. Natural dehumidification by a 
hygroscopic brine solution can make it possible to re-
quire air conditioning for cooling purposes only. It can 
reduce energy consumption in the operation of a build-
ing. Figure 9 depicts regeneration cycle of the hygro-
scopic brine solution that occurs within the hygroscopic 
building envelope. Water vapor from hot and humid 
climates is absorbed by a hygroscopic brine solution. 
Absorption is made possible because of the low water 
content of the hygroscopic solution. The hygroscopic 
solution moves through the building envelope to absorb 
water vapor through the thermal driving pressure in 
response to the solution’s temperature change and a 
pump if more flow is necessary. The hygroscopic brine 
solution contains more water content. The solution then 
flows downward where it can be heated and the excess 
water evaporated. The excess water is evaporated and 
condensed as potable water for use in the building.
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Figure 10: Simple building section of hygroscopic climatic modulated boundary23.

3.6 Hygroscopic Brine Solution Transport
In a biomimetic response similar to that of the Australian 
Thorny Devil and the Texas Horned Lizard, openings in 
the hygroscopic building façade at layer one provide ar-
eas available for water absorption through direct contact 
below the upper layers of a building boundary through 
very small, thin and breathable micro water transport 
tubes. A natural convective flow of hygroscopic brine 
with warm high water content and cooler low water 
content circulates through the transport tube system. 
A pump can derive power from solar photovoltaic con-
version at layer one to circulate recharged hygroscopic 

brine solution to increase rate of flow, if necessary. The 
hygroscopic brine solution transport is circulated by a 
thermal driving pressure through the micro tubes where 
water is absorbed, drained, collected, regenerated and 
sent back up through the system at layer one.  Figure 
10 is a simple building section diagram of how this sys-
tem may function in context. The building structure is 
elevated above grade. The red dashed line is located at 
the windward facing hygroscopic building façade and 
represents layer one. The green dashed line is the loca-
tion of the wind driven generators on the leeward facing 
hygroscopic building façade side where air is exhausted 

Figure 9: Hygroscopic brine solution regeneration diagram.
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at layer three by natural cross ventilation. The material 
properties of the hygroscopic brine in its capillary water 
transport structures with thin walls must allow air and 
light to pass from the exterior to the interior. Air must in-
teract with the hygroscopic building envelope to diffuse 
and separate out the water vapor. The subtle change 
in local pressure and air flow drives fluid through the 
capillary tubes of hygroscopic brine solution. At one 
scale, the small bundles of very small tube structures 
transport hygroscopic brine solution and water. At an-
other scale, the surface area of these very small water 
transport tubes as bundles provide enough mass where 
needed to develop necessary insulation properties. The 
capillary water transport structures act as a membrane 
that can pass air and collect water from outside air.

4.0 COMPUTATIONAL CONTROL ALGORITHM 

4.1 Sensing
The hygroscopic building envelope can sense and re-
spond. It can sense information that has been gathered 
and passed through analysis using a mixture of hard-
ware and software. Driven by the varied, differential, 
gradient and dynamic conditions of the exterior environ-
ment of hot and humid climate, the hygroscopic build-
ing envelope responds to these conditions by altering 
the absorption characteristics of the hygroscopic brine 
solution. It can use the pump to provide more flow to 
areas of the building envelope that have more water va-
por from the outside air. The flow of hygroscopic brine 
solution at layer one is not uniformly constant through-
out the building envelope. The system pulls more wa-
ter vapor from the air and into solution by raising the 
salinity to reduce pressure and temperature locally at 
specific areas.  

4.2 Computational Control System
Computational control can gather environmental data. 
External environmental forces such as wind pressure 
can act as an environmental tectonic instrument. Pres-
sure changes sensitive to environmental conditions with 
changes in moisture in outside air become dynamic 
data. The selection of an environmental factor such as 
wind pressure acting on the windward side of a building 
and influencing the opening and closing of flaps at layer 
three of the hygroscopic building envelope is important 
in the environmental data. This is meaningful data to a 
computational control system and is a metaphor to un-
derstand how the relationship of respective weight and 
selection of factors work to enable a response condi-
tion25.

4.3 Integration of Materials and Technology
Computational parameters for a hygroscopic building 
envelope establish a set of conditions for changes in wa-
ter vapor detected over time. Building envelope surface 
area performs as a distributed material system for water 
harvesting.  Water harvesting uses a capillary transport 
sensing tube system, generative air circulation and inte-
grated solar cells in an experimental fiber form. Controls 
within the material system respond to varying environ-
mental conditions for the production of water, energy 
and air movement. Since most experiences of energy in 
buildings is automatic and opaque to the user, the au-
tomation of controls in a sealed environment indepen-
dent of ability to sense changes in the external environ-
ment is mostly ignored26. The exterior is isolated in such 
a manner that the interior of a space is regulated in 
functions of cooling and heating through thermostats26. 
There is no direct contact between the user and the en-
ergy use or resources except for the occasional climate 
control equipment or bill or malfunction of equipment26. 
A color change property in the hygroscopic brine so-
lution is visible to both the building occupant and the 
observer from the exterior of the hygroscopic boundary. 
The experience of the hygroscopic boundary working 
fluid in operation is dynamic and real-time response to 
the environment. The material color change properties 
of the hygroscopic brine solution is a subtle modulation 
architectural aesthetic. Change color is due to a change 
in saturation and density of air moisture. The response 
indicates more hygroscopic brine recharge volume to 
absorb moisture in the air intake from the exterior and 
eventual reclamation by the hygroscopic building enve-
lope system. Building form generation is due to the use 
of digital technologies that augment site climatic design 
with parameters based on air and moisture concentra-
tions. Building form is a reflection of local incident air 
flow and pressure modulations upon the building enve-
lope at any point with dynamic sensing.

5.0 CONCLUSION
This article has allowed the author to understand the 
characteristics of a hygroscopic building envelope, how 
it functions, design possibilities within the hygroscopic 
building envelope model, the importance of the past 
work and to define potential properties. The model 
is a strategy for dehumidifying air using natural phe-
nomenon in hot and humid climates. The hygroscopic 
building envelope is explored. A computational control 
system is explored for regulation of hygroscopic brine to 
correspond with uneven environmental conditions. De-
sign for the hygroscopic building façade is explored with 
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a visual feedback of color change to express environ-
mental conditions of humidity percentage and working 
of the system in real time.

The characteristics of a hygroscopic building envelope 
are processes of energy transfer, solar and wind col-
lection and water harvesting. The hygroscopic climatic 
modulated boundary can meet the challenge to use 
passive and sustainable practices that modify an often 
undesirable condition found in hot and humid climates.  
Research in the extraction of water from water vapor 
in the air and biological processes for water transport 
provide a theoretical strategy for understanding how a 
hygroscopic building envelope might be designed in a 
hot and humid climate to reduce energy consumption 
in buildings.

The hygroscopic boundary is an idea to understand how 
it works as a passive-active envelope. It does not stop 
at the exterior, nor does it end at the edge of the interior 
of a building. It modulates as a more open, functional 
system from the building exterior to the interior. The 
hygroscopic boundary captures moisture and heat and 

produces water and electricity. The integrated building 
envelope system differs from conventional systems be-
cause it does not depend primarily on the supplying or 
removing of energy through mechanically dominant ac-
tive means based on fossil fuels. 

In summary, all of these activities in combination with 
site characteristics appropriate to hot and humid cli-
mates can create a condition that results in a lowering 
of dependence on air conditioning equipment for dehu-
midification. Instead of air conditioning equipment, a 
chilled beam system can be used for cooling an interior 
space by removing sensible heat. Lower energy by the 
use of passive cooling from chilled beam systems and 
small amounts of renewable energy from the motion of 
very small embedded wind driven generators in build-
ing surfaces could provide enhanced air circulation. 

The dynamic mixture of air moisture, wind speed, pres-
sure and temperature allow for an architectural design 
to work in a range of constantly changing environmen-
tal conditions by using material and system elements27. 
The climatic conditions are specifically for hot and hu-
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Increased Comfort via Envelope 
Dominant System

Independent control of humidity and temperature because hygroscopic build-
ing envelope controls humidity while conventional system or active chilled 
beam systems controls temperature.

Lower Peak Electric Demand Switch latent cooling to alternate energy sources such as thermodynamic 
transformation in entropy energy recovery, fiber solar photovoltaic system, air 
flow pressure and driven wind generators, steam, and heat recovery.

Heat Recovery Heat recovery from latent heat to sensible heat energy transformation.

No Duct Systems Hygroscopic building envelope has the potential to eliminate ducts as dry air 
is delivered to the interior space for active sensible cooling system.

Increased Latent Loads and 
Levels of Outside Air

Hygroscopic building envelope can use computational control system to 
increase necessary concentration of hygroscopic solution and thermal driving 
pressure to meet increase in total cooling and latent loads from increasing 
levels of outside air.

CFC Free Hygroscopic brine solution does not use CFC’s for moisture removal.

Improved Indoor Air Quality Hygroscopic building envelope uses natural ventilation as well as a compu-
tational control system for increasing ventilation through renewable sources 
to potentially improve indoor air quality.  The hygroscopic brine solution uses 
a salt that naturally inhibits microbiological growth by maintaining lower hu-
midity levels.  Lower humidity in building interior spaces prevents moisture, 
mildew and rot in building materials.

Renewable Resource Collector Hygroscopic building envelope renews and collects both water and energy for 
reuse.

Table 2: Hygroscopic building envelope proposed benefits.
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mid conditions, which have an abundance of air mois-
ture. The building envelope reduces energy require-
ments needed to dehumidify and cool interior spaces 
in hot and humid climates. Hygroscopic brine solution 
absorbs water vapor and responds with color change 
to exhibit itself as a real-time architectural aesthetic of 
exterior outside conditions. There is a potential to use 
wind driven generators and thin and flexible solar col-
lecting photovoltaic fibers for onsite energy generation 
that supports the hygroscopic process. Table 2 shows 
various potential benefits of the hygroscopic climatic 
modulated boundary model for contributions to better 
interior air quality, renewable resources and its effects 
on the environment.

There are few potential issues that must be dealt with 
when considering the hygroscopic building envelope 
model such as corrosion, component consolidation, 
realization of the model, cost and construction and 
the development of key technologies for commercial 
use. Possible hygroscopic brine solutions use lithium 
chloride and calcium chloride as the most effective. In 
the presence of oxygen, hygroscopic solutions contain-
ing lithium chloride are corrosive when in contact with 
metallic components.  Issues with corroded metallic 
components have been experienced in liquid desic-
cant systems used in industrial applications and have 
yet to be available for widespread use in commercial 
HVAC systems. Calcium chloride, when mixed with 
water, heats up tremendously and can burn human 
skin.  Sodium chloride mixed with water is the safest 
and can be used, but is not as effective as calcium 
chloride.  The hygroscopic building envelope favors 
the use of sodium chloride and emerging natural high 
strength organic bio-plastics for the transport system. 
The hygroscopic brine solution must contact incoming 
air from the outside while it is still liquid and flow within 
the building envelope. The hygroscopic building enve-
lope must deliver relatively dry air to the interior for a 
system like active chilled beams to avoid the issue of 
condensate forming on these systems. The realization 
of the hygroscopic building envelope involves the de-
sign and prototyping of a working model to understand 
and solve problems for potential commercial use. The 
cost of the components, design of the computational 
control and hygroscopic brine liquid transport systems 
must be understood. 
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